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Demonstrate and Evaluate Saturated Buffers at Field Scale to
Reduce Nitrates and Phosphorus from Subsurface Field
Drainage Systems

Executive Summary

Nutrient loss through subsurface drainage systems is a major concern throughout the Midwest. This
project sought to demonstrate and evaluate the effectiveness of a new conservation practice commonly
referred to as a Saturated Buffer (SB). By hydrologically reconnecting a subsurface drainage outlet with
an edge-of-field buffer this practice takes advantage of both the denitrification and plant nutrient uptake
opportunities that are known to exist in buffers with perennial vegetation as a way to remove nutrients
from the drainage water. The USDA-NRCS developed an interim practice standard (739 — Vegetated
Subsurface Outlet) in conjunction with this project.

The objectives, or deliverables, of this project were 1) establish 15 saturated buffers (nine CIG-funded,
six FSA-funded) in four states, 2) monitor drain flows, quantify nutrient reductions, and evaluate the
impact of climate and operation timing at all 15 sites, 3) optimize management of and reduce nutrient
transport from SB systems while maintaining agricultural productivity and enhancing wildlife benefit, 4)
establish outreach material and distribute to producers and technical agencies.

Deliverable 1: This project installed a total of 15 SB’s in Iowa, Illinois, Indiana, and Minnesota. These
sites intentionally included a variety of soil types, buffer vegetation, surface topographies, and
ditch/stream channel depths. This variety was included to evaluate the effectiveness of this practice if it
were to be adopted on a regional scale. The original timeline included having all nine CIG-funded sites
installed in 2012, of which seven were. The remaining two sites, as well as all six FSA-funded sites,
were installed by June 2013. This delay in installation caused a delay in the start of full-scale
monitoring at all sites.

Deliverable 2: Flow monitoring equipment was installed at all 15 sites. Extensive data logger and
sensor malfunctions plagued the project in the initial stages. As a result, consistent flow measurements
did not begin until Fall 2014. A one-year, no-cost extension was granted to compensate for this and
allow for more data collection. Water sampling was irregular in 2013, but most sites had consistent
samples collected during periods of tile flow in 2014 and 2015. The impacts of climate and operation
timing were also observed in these years.

Deliverable 3: Data gathered as part of Deliverable 2 were used to calculate nutrient load reductions at
the sites for 2014 and 2015. Field observations, with input from the producer, were used to maintain a
balance between optimizing SB performance and maintaining agricultural productivity. As a result, the
nutrient reduction capability at some SB sites was greatly reduced in order to prevent potential crop
damage due to flooding. This was particularly a concern at sites where the buffer and cropped area were
at similar ground elevations. While no direct measurements were taken, there was no observed conflict
between the ability of the buffer systems to provide enhanced wildlife habitat and also provide water
quality treatment.

Deliverable 4: There were 25+ field days and presentations given in association with this project. These
events targeted producers, drainage contractors, government and technical agencies, as well as the
general public. Magazine and news articles were also published that discussed this project and
explained the potential benefits of a SB system. While some handout material was created for the field
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days and presentations, a more comprehensive set of publications are planned to be distributed after the
submission of this report.

Of the 15 SB sites that were installed and monitored, four of them (IA-1, IA-3, IL-3, and IL-5) showed
substantial nitrate removal. IA-1 performed well over 2013-2015 and removed a total of 301 lbs of
nitrate-N over 2 2 years. In 2015, [A-3 removed 408 Ibs, IL-3 removed 68 lbs and IL-5 removed 161
Ibs of nitrate-N. These locations met our expected requirements for soil characteristics of successful
saturated buffers. These project sites had an average installation cost of $3,700. Assuming a 50 year
lifespan and 4% inflation rate, the cost of nitrate removal ranged from $0.50 - $4.64/1bs-N with an
average cost of $2.13/lbs-N removed. This makes them competitive with other field-edge practices for
nitrate load reduction.

Besides these four sites, IL-2, IL-4, and MN-3 showed promising results in at least one year. The site
characteristics at IL-2 made tile monitoring difficult and treated flow was estimated using DRAINMOD.
Making some simplifying assumptions we computed a sizeable (293 lbs N) nitrate removal at this site in
2014. IL-4 and MN-3 also had good nitrate removal in 2014 but limited removal in 2015. IL-4 also met
all of our other criteria for a well-functioning SB and we feel that this site shows promise and may prove
to be very effective in removing nitrate if more reliable flow data can be obtained.

Of the remaining sites, we had insufficient data for MN-1, IL-1, and IN-3 to determine their nitrate
removal performance. However, given that IN-3 and MN-1 are susceptible to flooding at the control
structure, their performance may be difficult to determine using the techniques used in this evaluation.
The other five sites, IA-2, IN-1, IN-2, MN-2 and MN-4 did not show positive results for being used as
saturated buffers for removing nitrate. Reasons for their failure vary, but could include coarse soil
layers at depth which prevented the creation of an elevated water table, inadequate soil carbon levels at
the depth of the raised water table, improper design or installation, and high water levels in the ditch that
prevented the water from moving through the buffer. Even though these sites failed to demonstrate
nitrate removal, they provided valuable information for improving the site selection process.

There were no consistent trends at the monitored buffers that indicated that dissolved phosphorus in the
tile water was removed by the saturated buffers. Therefore, we conclude that the saturated buffer
practice as implemented in this project cannot appropriately be assumed to treat phosphorus-related
water quality concerns.

Soil samples were collected at all sites near the beginning and end of this project. There were no
detected changes in soil organic matter or soil phosphorus that were attributable to the SB practice.

Two of the SB sites were selected for monitoring any change in streambank stability as a result of
implementing a SB. The ditch channels, which had average depths of 6 and 10 ft, at these sites were
intensively surveyed near the start and end of the project. Neither of these ditches, which had relatively
stable banks prior to implementing the practice, showed any significant movement as a result of the SB
practice. We conclude that on ditches/streams with stable banks the SB will not cause increased
sloughing or other stability issues. Ditches/steams with highly unstable banks prior to implementation
could still be considered but more thorough planning and design would be warranted.

The data from this study confirm that, when proper site conditions and design considerations are met,
the SB practice can be an effective method for reducing nitrate transport from subsurface drainage
systems. Phosphorus loads, however, appear to be generally unaffected by this practice. It is
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recommended that the guidelines in the NRCS Practice 739 be updated to include more refined site
selection and design criteria that will lead to practice implementation at sites more likely to provide a
water quality benefit. It is also recommended that additional monitoring of some select SB sites be
conducted to better quantify nutrient removal effectiveness and refine management strategies. Testing
of different SB design methods could also help overcome some of the site-specific hurdles and aid with
effective widespread adoption of the practice.



Introduction
Summary of the work to be performed:
Artificial subsurface drainage systems have been in use by farm producers for over 150 years in the
Mississippi River Basin. These systems facilitate crop production in areas that would be otherwise
unsuitable, and increase yield in others. Almost invariably, they were designed for the sole purpose of
quickly removing excess water from the plant root zone to prevent wet stress and to improve crop yields,
but with no consideration of their effects on water quality.

In this project we demonstrated diverting tile water through grass buffers along ditches and streams to
reduce nutrient transport and improve water quality from agricultural subsurface drainage systems. This
demonstration project retrofitted existing buffers to demonstrate the effectiveness of this practice and
help develop criteria necessary for widespread adoption, as no such guidance currently exists.

Saturated Buffers (SB) are constructed by installing tile lines under the buffered area perpendicular to
the tile drainage outlet. A control structure is installed in the main close to the outlet. The control
structure can be managed to raise the water table under the buffer to allow the perennial vegetation to
utilize the nutrient rich water and to increase denitrification, which is the conversion of nitrate (NO;) to
atmospheric nitrogen (Nz). Under this system, the buffer can reduce overland flows and sedimentation,
while reducing nutrient transport from subsurface outflows.

There were five main focus areas for this project: (1) to engage producers in demonstration of the
multiple benefits of saturated buffers on farm economics, soil quality, and water quality and quantity;
(2) to test the magnitude of the nutrient reduction benefits that can be achieved with saturated buffers;
(3) to improve the water and nutrient accounting for these systems; (4) to assess soil organic matter
changes; and (5) to disseminate this information to the farming community.

Field evaluations (Objectives 1 —4):

In each of the four states, we monitored existing field drainage systems that had been retrofitted for the
SB practice to evaluate the environmental effectiveness of saturated or intermittently saturated buffers.
All field sites were planted with corn or soybean varieties and with normal pesticides and fertilizer
application rates — allowing us to determine the impacts of saturated buffers with a statistically
supported methodology.

Flow, water quality, and water table:

Water flow rates from subsurface drainage systems were monitored, and water samples for nitrate (all 15
sites) and phosphorous (10 sites) analysis were taken approximately twice a month during periods of tile
flow. Water flow measurements were combined with nitrate and phosphorous concentration
measurements to calculate the reduction in nutrient loads resulting from the SB systems. Water quality
sample analyses were performed by the National Laboratory for Agriculture and the Environment in
Ames, lowa.

Soil quality:

Sites were monitored for potential changes in soil quality as a result of implementing SB’s by
measuring soil properties near the beginning and end of the project. The soil quality properties of
concern were identified as the % soil organic matter and the soil Phosphorus concentration. Soil texture
and pH were also measured to assist with understanding the site characteristics.



Data summary and technology transfer (Objective 4):
A database of the different sites, with their soil, crop, drainage system, slope, climate, and other relevant
factors was developed. Results from the different sites were analyzed to explain similarities and
differences in effectiveness of the SB practice. One focus was to provide data to NRCS and FSA that
will assist them in determining program priorities and payment dollars for SB practices.

The ADMC held a series of field days at producers’ farms distributed throughout the region. Local
farmers, contractors, industry, and other interested groups were invited to the demonstration site to
discuss SB systems in an informal setting. These meetings were held at the actual SB location whenever
possible. Additional presentations were given at LICA meetings, government agency training sessions,
and other similar events. A full list of recorded field days and presentations is given in Appendix L.

After the final project report has been submitted the ADMC will further develop a comprehensive
instructional publication that will be used in conjunction with NRCS efforts, as well as the variety of
seminars that will be conducted as a part of this project. However, the publication will be a stand-alone
product that will help a producer make SB decisions, evaluate his or her water management efforts, and
formulate a solid plan for drainage improvement on their farm. ADMC intends to involve NRCS staff in
developing copy, evaluating the message, and in selecting interested parties to develop and distribute the
publication. The USDA logo will be prominently displayed on all materials. ADMC will also develop
other printed materials to be distributed as columns and inserts to major Midwest farm publications,
including, but not limited to the Farm Journal, Progressive Farmer, Corn/Soybean Digest, Drainage
Contractor, and Successful Farming. These columns will be written from the perspective of a farmer to
better convey a variety of Drainage Water Management themes. Finally, ADMC will post on its website
where data is gathered and disseminated in a central location. The material will further support the
efforts of these practices.
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Background
Nutrient transport from agriculture lands is of major concern in the upper Midwest. Eutrophication of
fresh water bodies, which is primarily attributed to phosphorus, raises concerns in both the urban and
rural communities. The hypoxic zone in the Gulf of Mexico has also received national attention.
Typically in marine systems eutrophication is associated principally with nitrates.

Many of the row-crop agriculture fields in the Midwest are located adjacent to ditches, streams, rivers
and lakes. Producers have used grassed buffers along many of the water systems to protect them from
sediment due to overland flows. However, they provide limited protection from subsurface flows that
may contain excess nitrates or phosphorus, especially in tile-drained landscapes.

While the first steps to reducing nutrient transport through the tile water are typically accomplished
through agronomic-related practices, such as fertilizer rate and timing, in-field and edge-of-field
conservation practices related specifically to subsurface drainage water have also been developed.
These practices include Drainage Water Management (DWM), denitrifying bioreactors, and enhanced or
created wetlands. While these conservation practices have proven to be effective for reducing nutrient
loading from tile-drained fields, adoption has been limited due to the cost of implementation, grower
knowledge of the practices, and grower confidence on how the practices will fit into their farm
operation. Continued development of innovative, lower-cost practices is needed to meet the water
quality issues facing the Midwest region. Continued demonstration of these practices will be critical in
helping landowners and farm operators build the awareness of and confidence in these practices that will
be needed for broad adoption.

The Agricultural Drainage Management Coalition (ADMC) is a nation-wide group of agricultural,
industry, and environmental interests that have come together to promote drainage water conservation
practices. The ADMC includes over 60 key stakeholders, including individual farmers, industry
manufacturers, and environmental groups like The Sand County Foundation. The Agricultural Drainage
Management Systems Task Force (ADMSTF) is a multi-agency and university collaboration that has
met regularly since 2003 to develop a national effort for implementing improved drainage water
management practices and systems that will enhance crop production, conserve water, and reduce
adverse off—site impacts on water quality and quantity.
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Review of Materials and Methods

Riparian buffers have been shown to remove nitrates from subsurface flow with varying levels of
efficiency (Mayer et al, 2005). Large areas of the Midwest are intensively tile drained and it is assumed
that many of the vegetated buffers adjacent to waterways are being under-utilized because the tile outlets
quickly move large amounts of subsurface flow past the buffer and into the receiving waterway without
any opportunity for treatment by the buffer. The goal of a Saturated Buffer (SB) system is to
hydrologically reconnect the buffer with the tile flow. By doing this we are able to capitalize on the
water treatment capacity of the buffer and use it to remove nutrients from the tile water, thereby
improving the water quality in the receiving water bodies. This treatment method is not currently being
utilized in the Midwest.

A SB system works by diverting tile water into the subsoil of the buffer and then letting it move
horizontally as shallow groundwater through the buffer and into the receiving water body, such as a
ditch or stream. In a typical system this is accomplished by intercepting the tile main as it enters the
buffer. An additional tile, referred to as a distribution line, intercepts the main and runs underneath the
buffer and parallel to the receiving water body. A control structure is used to create an elevated water
table within the buffer, which brings the tile water into the more biologically rich area of the soil where
nutrient removal is more likely to occur. This raised water table also creates the hydraulic gradient
needed to move the water from the distribution area into the receiving water body. As the water moves
into the soil in the buffer the nitrates are removed, it is hypothesized, by both plant uptake and
denitrification, with the latter being thought to be the more dominant pathway. It is possible that
dissolved phosphorus can also be removed by SB systems by either plant uptake or otherwise binding to
the soil matrix.

Stream

extending on both
sides of main

T Perforated laterals

B ——

Non-Perf Tile Main
2 Water Level

Control Structure

Image courtesy Agri Dré_jn Corp

An aerial view of a theoretical saturated buffer
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A side view of a theoretical saturated buffer

In terms of nitrate removal through denitrification, a SB operates under the same principles as
denitrifying bioreactors (NRCS Practice 605). In both cases tile water is diverted through an area that
will encourage denitrification and the speed or rate at which the water moves through the treatment area
can be manipulated with water control structures. While a bioreactor utilizes a woodchip trench to
provide a carbon food source for the denitrifying microbes a SB uses the carbon already present in the
soil as the food source. This allows for potentially similar nutrient removal to occur without the cost of
digging the large trench and filling with wood chips that are generally trucked in. The greatly reduced
cost of implementation could prove to a significant in allowing this practice to receive widespread
implementation.

Prior to beginning this regional SB demonstration project a pilot SB was installed and monitored near
Story City, lowa by USDA-ARS National Laboratory for Agriculture and the Environment (NLAE) and
Iowa State University. Early results from this site looked very promising for the practice (Jaynes and
Isenhart, 2014). Over a two-year period they observed that over 50% of the tile flow was diverted
through buffer, with the remaining flow bypassing the treatment system and exiting through the
traditional outlet. Of the water diverted through the buffer all measureable nitrates were completely
removed. The goal of this demonstration project was to test if similar results would be obtained at other
locations with varying site and climate characteristics.

To accomplish the goals of this demonstration project fifteen monitoring sites were selected in four
different states (IA, IL, IN, and MN). When selecting the sites we intentionally chose a variety of site
characteristics, recognizing that not all were “ideal”. This allowed us to demonstrate the effectiveness
of the practice if implemented at a large scale. This also afforded us the opportunity to explore why
some sites had SB systems that were more effective at removing nutrients than others, which could lead
to better site selection and design criteria for the NRCS and other agencies.

All SB sites used in this project were retrofits to existing tile and buffer systems. In situations where the
field elevation at the site was sufficiently higher than the buffer elevation there was no need for the
landowner to change any of the stop log elevations in the SB control structure. At these sites the
landowners/operators saw no noticeable change in how they managed their land, except for being
careful not to hit the control structure and monitoring equipment with a mower or other implement.
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Sites where the field and buffer elevations were more similar required slightly more management by the
landowner/operator. In these conditions the stop logs in the SB control structure had to be managed at
time intervals similar to a Drainage Water Management system (NRCS Practice 554). Overall, time and
management requirements for this practice were fairly minimal.

The following table and map show the locations for the fifteen sites used in this project and summarize
some key site characteristics, including the installation date of the SB. More detailed site descriptions
and maps are given in Appendix A.

Lessons Learned: Site Selection
One lesson learned was to thoroughly search for all tile outlets that exist within the area of the proposed
SB. Failure to properly locate and incorporate these outlets into the SB system resulted in decreased
system efficiency. The following list contains some insights about the site selection process that we
gained.

1. Get in the channel and walk the section of ditch/stream where the proposed saturated buffer will
go, preferably when the water level is at base flow or lower. Look for and mark all outlets

2. Verify the tile system you are intercepting has a large enough drainage area to justify the cost of
installing a saturated buffer treatment system

3. In addition to using soil maps, take soil cores to verify high organic matter and lack of coarse
materials within the buffer

4. Sites with shallow ditches that are frequently flooded may not produce satisfactory results
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Conservation Innovation Grant (CIG) and Farm Services Agency (FSA) Site Information

Well Structure Outlet Drainage Landscape
Site Proiect Count Latitude Longitude | Installation Deoth Heioht Pipe Buffer ar ag Soil Vegetation Type
ID ojec ounty (N) (W) Date p elg Size Length ¢ Texture Type (F-field,
Avg. (ft) . (acres)
(in) B-buffer)
(ft)
A1 | CIG Hamilton | 42.284949° | 93.585772° | 11/15/2012 | 5%° 6 8 1,000 11.6 Clhay, Gizge, | =Sloped
Loam Some Trees | B- Sloped
IA-2 CIG Wright 42.510524° | 93.731346° | 6/142013 | >3 6 12 655 4845 | Sy, Clay, | Grass, F-Flat
Loam Some Trees B- Flat
1A-3 | FSA Benton | 41.949545° | 91.972652° | 5/6/2013 | ©22 8 6 1,000 | 14826 | SilyClay, | ~Grass, | F-Sloped
Loam Some Trees B- Flat
IL-1 | CIG | Sangamon | 39.585983° | 89.777395° | 7/16/2012 | 37 6 8 1,020 | 2637 | Sy Clay, g onty | FZSloped
Loam B- Flat
IL-2 CIG Sangamon | 39.566567° | 89.814644° |  7/2012 =) 6 12 1,635 o | PR | ety | S S
Loam B- Flat
IL-3 CIG Edgar 39.788653° | 87.852870° 72012 6.88 8 12 585 3836 | Sy Clay | g ossonty | F Tl
Loam B- Flat
IL4 | FSA Piatt 40.054900° | 88.740330° | 62013 | &0 6 5 1300 | 1718 | SIWClaYs | G onty | E - Sloped
Loam B- Sloped
6.37 Silty, Clay, F Sloned
IL-5 | FSA | RockIsland | 41.367779° | 90.689689° | 3/26/2013 7 12 720 149.33 Loam, | GrassOnly | o Slgp: q
Complex p
IN-l | CIG Jasper | 40.966909° | 87.062940° |  7/2012 o 6 6 1,155 azp | SlmeChmy | Abbl el
Loam Some Trees B- Flat
IN2 | CIG Jasper | 40.757544° | 87.062940° |  7/2012 6.48 6 6 1325 13.99 | Silty, Clay, | Grass, F —Flat
Loam Some Tress B- Flat
IN-3 FSA | Montgomery | 40.185580° | 86.780870° 6/2013 0 6 8 1,270 Grn | PR | ety | 2 EE
Loam B- Flat
6.80 Silty, Clay, Grass,
MN-1 | CIG Yellow 44.654230° | 95.778461° | 11/1/2012 8 8 1,085 15.04 Loam, | Shrubs,and | L 1ot
Medicine B- Flat
Complex Trees
MN-2 | CIG Dodge | 44.114928° | 92.902266° |  4/2013 = 8 6 920 sisn | PR | e gty || R
Loam B- Flat
5.68 Silty, Clay, Grass, F —Sloped
MN-3 | FSA Dodge 44.113780° | 92.850176° |  4/2013 8 6 1,000 28.26 Loam, Some P
B- Flat
Complex Shrubs
MN-4 | FSA Dodge | 44.014358° | 92.793908° |  6/2013 I 8 6 850 snon | DR | e gy || SRR
Loam B- Flat

** All sites are on a soybean/corn rotation. A few have a continuous corn rotation
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CIG/FSA Site Locations
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Discussion of Quality Assurance

In order to determine the effectiveness of the Saturated Buffer (SB) practice it was essential to monitor
the amount of tile water that was diverted into the SB treatment system and then determine the
effectiveness of the SB at removing the nutrients (N and/or P) in the tile water as it moved through SB
and into the receiving waterway. To do this each site was equipped with monitoring equipment to
measure both the amount of tile flow that left the field and the amount of tile flow that bypassed the SB
system and discharged into the receiving waters through the existing tile outlet. The difference between
these two values represented the amount of tile water that was treated by the SB system.

The effectiveness of the SB at removing the nutrients it received was quantified by first determining the
nutrient concentration as it left the field but prior to it entering into the saturated buffer. Additional
measurements were taken at set locations within the buffer to measure the change in nutrient
concentration as the tile water moved horizontally through the buffer.

In addition to measuring the effectiveness of the SB practice other site parameters were monitored to
determine if this practice would cause other changes to occur at the site. These parameters include soil
organic matter levels, soil phosphorus concentrations, and streambank stability.

Flow Monitoring:

Sampling Design

Tile flow was monitored using v-notch weirs that were installed inside the three-chambered (two sets of
stop logs) water level control structures installed (see image below) as part of the SB practice. The
exception to this was the site I[L-2, which will be discussed later in this section. The special v-notch stop
logs used were manufactured by Agri Drain Corp (ADC). The geometry and thickness of the ADC v-
notch is slightly different that a standard 45° v-notch. A rating curve for that specific geometry was
developed by Dr. Richard Cooke (University of Illinois Urbana-Champaign). Additional flat-weir rating
curves had also been developed for the ADC control structures by Dr. Cooke. During periods when the
water level was higher than the top of the v-notch the two equations were combined. The rating curve
equations, as well as instructions on to apply them, can be found in Appendix H.

B /1’,{‘ "M—HA ,;, 237 s S OSNENA
A typical control structure, equipped with water level sensors, v-notch weirs, and splash guard between chambers

R B

The SB distribution line was connected to the chamber between the two sets of stop logs. Tile flow from
the field was measured using the v-notch in the first set of stop logs. The v-notch in the second set of
stop logs, which was always at least five inches lower the first v-notch, was used to measure the bypass
flow. The difference is these two flow values is assumed to equal the amount of flow that was diverted
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into the SB treatment area. A splash guard was installed between the two sets of stop logs to prevent
water from jumping over the middle chamber. It also helped reduce the turbulence in the middle
chamber and allowed for more accurate measurements for the bypass flow.

The IL-2 site was set up differently than the other sites. In this field the perforated 12 inch main ran
underneath the buffer and was used as the distribution line. A regular two-compartment control
structure was used to hold water in the main and encourage water to move through the buffer. While
this system could work fine for a typical SB installation, it complicated the monitoring process.

The two-compartment structure used for managing the SB was installed upstream of the final four
laterals and used a v-notch stop log as described previously to measure the bypass. An additional
structure was installed at the outlet of the tile system and the weir was set such that the bottom of the v-
notch was about equal to the top invert of the main. The flow at the outlet structure would then equal
the bypass flow from the first structure plus the flow from the final four laterals. It was assumed that all
the laterals, which are approximately the same length, would flow the same amount and that the
difference in flow between the two structures could be used to estimate the flow from the rest of the
system. However, a final review of the flow data from this site yielded no discernable trend between the
two structures that could be used to estimate the flow coming from the final four laterals only. As a
result we are unable to calculate the amount of flow leaving the field. Nutrient load reductions at this
site were calculated using DRAINMOD. Both free draining and managed drainage simulations were
run (see Appendix C). The differences between these two scenarios were assumed to represent the
amount of flow treated by the SB.

Sampling Procedures

In order to calculate the flow it was important to accurately know the distance from the bottom of
control structure to both the water surface (water level) and bottom of the v-notch weir (weir height).
The weir height was measured to the nearest 1/ 16™ an inch using a standard tape measure. This distance
was measured at the time of installation and whenever the weir height was modified by ESE staff. The
weir height was periodically re-measured to ensure that it had not been unknowingly changed. The
landowners and other non-ESE support staff were asked to report both the date/time and amount that the
weir height changed if they ever made adjustments to their weirs. However, this guidance was not
always followed. If a discrepancy was found between the recorded and current weir height the water
level data was reviewed to find abrupt changes in the level that were consistent with the change in weir
height. If no clear point of change was found, the change in weir height was recorded for the date/time
that it was observed by ESE. In cases where unreported weir management were observed it was due to
stop logs being removed from the structure. This means that any discrepancy between when the weir
height actually change compared to when ESE estimated it changed would result in underestimating
flow values.

The water levels were measured to the nearest 0.1 inch and in-field calibration checks were periodically
performed by ESE staff to ensure they were reporting accurate data. The level sensors were connected
to data loggers equipped with two-way telemetry. The water levels were recorded every six minutes and
then transmitted to an ftp site every hour via a built-in cellular modem. The loggers also had adequate
capacity to store data in case the transmission capabilities were temporarily lost.

All the sites except [A-1 were initially instrumented with Ibexis logging and telemetry units supplied by
Barker-Lemar Companies (West Des Moines, [A). We had significant reliability issues with these

17



loggers. They also relied on either AT&T or T-Mobile modems, which did not have sufficient signal
coverage at many of the SB sites. The Ibexis units were eventually replaced with logger and telemetry
units provided by ADC. These units utilized a Unitronics V130-J-TR6 10 bit Data Logger for recording
data and a Verizon modem for data transfer to the ftp server. It did take some time to get the bugs
worked out of the firmware but once that was accomplished they were very reliable and performed well.
The dates that the monitoring equipment were installed are given in the following table.

Dates that monitoring equipment were installed at each site. Also included are the dates that the data
loggers were updated and that the ultra-sonic level sensor was replaced with a more reliable pressure

transducer.

. Ibexis Unitronics Switch to
Site ID Logger Logger pressure
transducer
IA-1 NA NA NA
IA-2 6/15/2013 9/13/2013 10/28/2014
IA-3 5/6/2013 8/13/2014 9/26/2014
IL-1 1/24/2013 10/10/2013 11/26/2014
IL-2 1/24/2013 10/10/2013 11/26/2014
IL-3 1/24/2013 10/9/2013 11/25/2014
I1L-4 6/11/2013 8/14/2014 11/25/2014
IL-5 6/22/2013 8/14/2014 12/18/2014
IN-1 1/22/2013 8/29/2014 12/17/2014
IN-2 1/22/2013 10/9/2013 12/17/2014
IN-3 7/13/2013 9/10/2014 12/17/2014
MN-1 6/1/2013 5/1/2014 10/23/2014
MN-2 - 9/26/2013 10/24/2014
MN-3 - 9/25/2013 10/24/2014
MN-4 - 9/26/2013 10/24/2014

All sites except IA-1 were initially instrumented with Banner T30 UIPBQ ultra-sonic sensors (+<0.6
inch) for monitoring the water levels in the structures. When connected to the Ibexis loggers these
sensors had a considerable amount of noise in the data that they reported. After switching to the new
loggers, the noise still persisted and it was determined that this sensor was unsuitable for measuring
water levels in this application. All the ultra-sonic sensors were replaced with APG PT500 0-5psi
pressure transducers (+<0.7 inch) in October-December 2014. After the switch to the Unitronics loggers
and APG pressure transducers the water level data became very reliable. Water levels at IA-1 were
measured with AST4510 pressure transducers (American Sensor Technologies) and recorded every hour
with a CR10X data logger (Campbell Scientific).

Data Custody Procedures

The ftp site, hosted by Barker-Lemar Companies, was used to store all the data sent by the
logger/telemetry units. The ftp site was connected to a website for real-time viewing of the data and
there was a place built on the website for recording the weir height and other details related to the flow
calculation. Additionally, data that were manually downloaded from the loggers (for periods when the
telemetry portion was not operating properly) were also uploaded to the ftp site for storage and viewing.
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Calibration

During periodic site visits the water level recorded by the sensors were compared to manual
measurements to ensure that the sensors were recording properly. The pressure transducers were also
able to be field-calibrated as needed.

Data Processing, Reduction, and Review

Data processing and reduction was performed by PAQ Interactive (Monticello, IL), a third-party vendor
who was contracted by the ADMC to perform this service. With some guidance from ESE staff they
filtered the noise from the water level data. Standard filtering methods were attempted but not
successful so a more manual approach was used. If the data was too noisy to confidently discern
between false and real readings then the data were discarded. This process was used primarily for the
data collected by the ultra-sonic sensors as the pressure transducer data was in better condition and
extensive processing was not needed. After the initial data processing was complete PAQ reduced the
data to daily and hourly average water levels. They used this information to calculate the daily and
hourly average flow rates through the v-notch weirs.

After PAQ completed the data processing and reduction it was reviewed by ESE staff. They screened
the daily average flow values and flagged all data that appeared to be the result of either sensor
malfunction or submerged outlet conditions. These judgements were based on site visit records, rainfall
information, estimated maximum flowrates for the intercepted tile, and personal knowledge and
experience with the site. A record of the flagged data is given in the Appendix B. All flagged data was
removed prior to sending it to Dan Jaynes, USDA-ARS NSERL, who performed the final analysis and
load calculations.

Water Quality Sampling

Sampling Design

Water samples were collected at all sites to determine the effectiveness of the practice and calculate
nutrient load reductions. All nine CIG-funded sites and one FSA-funded were monitored for both nitrate
and total dissolved phosphorus (TDP). The remaining five FSA-funded sites were monitored for nitrate
only. Local partners were used to collect bi-monthly grab samples during periods of tile flow. A water
sampling protocol was established by the ADMC and an instruction sheet was distributed to all sampling
partners. A copy of these instruction sheets are provided in Appendix E. The water sampling partners
also received on-site training at the start of the project.

Water samples were collected as the tile left the cropped area to determine the pre-treatment nutrient
concentration. This  sample was collected from the upstream chamber of the control structures.
Groundwater samples were collected to measure any changes in nutrient concentration as the water
moved through the buffer and into the receiving ditch or stream. An additional sample was collected in
the receiving ditch or stream as a way to put the observed nutrient concentrations in context with the
local watershed.

Groundwater monitoring wells

Groundwater sampling wells were installed at each site to monitor the change in nutrient concentration
as the water moved laterally underneath the buffer. Three well transects were installed at all sites except
IA-3, which had four. The transects were equally spaced along the distribution line. Three monitoring
wells were installed for each transect. One well was installed at the edge of the stream bank and the
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other two were installed at equal intervals between the stream bank and the distribution line. Maps with
well locations for each site are included in the site descriptions.

Th